There are several treatment options for massive rotator cuff tears (MRCT). Especially in elderly patients, conservative treatment is often favored because of the risks posed by anesthesia and surgery.
If massive tears have resulted in a cuff tear arthropathy with pseudoparalysis of the affected shoulder, a reverse total shoulder arthroplasty is often the only remaining treatment option. Younger patients with reduced active external rotation and abduction because of massive posterosuperior cuff tears and an intact subscapularis tendon can benefit from a latissimus dorsi transfer [3] .
Minimally invasive treatment options are chosen in cases of a painful MRCT in absence of a severely impaired function. Patients who cannot or do not want to undergo extended open surgery may benefit from conventional arthroscopic treatment with a combination of biceps tenotomy, cuff debridement, synovectomy, bursectomy, and partial repair or margin-convergence stitches. Of course a complete repair should always be performed, if possible. But the retear rate is high [7] and failures with persistent pain exist.
The InSpace Balloon (ISB ® ; Orthospace, Israel) is a new arthroscopic treatment option that is used "on top" of conventional arthroscopic treatments for MRCT. It consists of poly-L-lactide (PLLA), which is a biodegradable synthetic material and is inflated with a physiologic saline solution. PLLA is not known to have toxic or tumorigenic properties [11] . The inflated spacer reduces subacromial friction and extends the space between the humeral head and acromion and coracoacromial arch [12] . It cannot reduce a static superior or anterosuperior migration of the humeral head but it helps to keep the humeral head centered during dynamic movements. After cuff repair or partial repair the balloon reduces friction forces and maintains the integrity of the repaired cuff [1] . The balloon deflates after 10 weeks and the PLLA is resorbed totally after 15 months.
The ISB has been certified for the treatment of MRCT in Europe since 2010. While the number of implanted balloons is rising, there is still a lack of data about the clinical outcome. This study investigates the clinical results of patients treated with conventional arthroscopic options for MRCT and compares them with those of patients who received an ISB "on top" of conventional arthroscopic treatment. The hypothesis was that even a poor preoperative shoulder function can be improved by both conventional arthroscopic techniques and the implantation of an ISB.
Materials and methods
This retrospective case-control study comprised 23 Patients with an MRCT. Patients were selected from the institutional database. The indication for surgery was a painful loss of shoulder function in the absence of osteoarthritis, cranial migration of the humeral head greater than type II according to Hamada's classification, and cuff tear arthropathy.
In group A, 11 patients (female, n = 5, male, n = 6; mean age = 64.6 years) were treated by a single surgeon under general anesthesia in beach-chair position with debridement of the rotator cuff, synovectomy, bursectomy, biceps tenotomy/tenodesis, and partial reconstruction of the rotator cuff, if possible. Partial reconstruction consisted of margin-convergence stitches and/or medialized cuff repair with suture anchors.
Group B comprised 12 patients (female, n = 6, male, n = 6; mean age = 62.4 years) who received an ISB "on top" of the debridement or partial reconstruction. The size of the ISB was determined according to the intraoperative measurement of the distance between the glenoid rim and the most lateral aspect of the major tubercle. A large size was implanted seven times while a medium size was implanted five times. The small size was not utilized. After the insertion of the ISB under arthroscopic visualization through a lateral portal, it was insufflated with a physiologic saline solution. The insufflated volume corresponded to the manufacturer's recommendations.
Two patients were excluded from the study because their status had been converted to a reverse total shoulder arthroplasty before follow-up. One of these patients had been treated with an ISB Hier steht eine Anzeige. while the other had been treated conventionally. Preoperative shoulder function was evaluated using the American Shoulder and Elbow Surgeons (ASES) and the Constant scores. For follow-up, the ASES and Constant scores were assessed. The outcome of patients who underwent conventional arthroscopic techniques (group A) was evaluated after a mean of 30.6 months. Patients treated with a supplementary ISB (group B) underwent two postoperative evaluations. The first was carried out after a mean of 11.4 months and the second after 22.3 months. The shorter final follow-up of patients treated with an ISB occurred because the ISB had not been available earlier for treatments of MRCT in our institution.
K
Additionally, all patients filled out a questionnaire about their subjective satisfaction based on a Likert scale. The Medical University of Hannover, Germany, provided ethical approval.
Data were analyzed with SPSS statistics (IBM, version 22.0). Paired samples were compared using Student's t test for paired samples in cases of normal distribution and with the Wilcoxon test in other cases.
Results
The tear patterns and techniques of partial reconstruction for the two groups are described in . Table 1 . An intraoperative example of a partial reconstruction in combination with an ISB is presented in . Fig. 1a -c.
Preoperative shoulder function was lower in patients treated with an ISB according to the ASES score (group A: 59.1 and group B: 31.5) and the Constant score (group A: 60.7 and group B: 36.8).
At follow-up, both groups had an improved shoulder function. Conventionally treated patients gained a mean of 29.5 points in the ASES score (p < 0.001) and a mean of 16.9 points in the Constant score (p < 0.001). Patients treated with an ISB had a higher absolute improvement in ASES score (54.2 points; p < 0.001) and Constant score (32.7 points; p < 0.001). The absolute improvement of clinical scores for both groups is illustrated in . Fig. 2 . Two patients of group B had a pseudoparalytic shoulder preoperatively (Constant score: 18 and 26). Postoperatively their Constant score had improved little (30 and 34, respectively).
The mean ASES score at follow-up was 88.6 in group A and 85.7 in group B. The mean Constant score was 77.6 in group A and 69.5 in group B. Pre-and postoperative assessment of the ASES and Constantscores is summarized in . Fig. 3 .
The additional investigation after a mean of 11.4 months in group B showed a further improvement of the clinical results until the final assessment after 22.3 months (. Fig. 4) .
On a four-point Likert scale patients of both groups were satisfied with their clinical outcome at follow-up (group A: 3.6 and group B: 3.7) and reported pain relief (group A: 3.5 and group B: 3.3). They also believed that more invasive treatment options had beenavoided bytheirindividual arthroscopic treatment (group A: 3.7 and group B: 3.6; see . Table 2) .
One patient who reported an increasingly painful shoulder after 12 months was examined with magnetic resonance imaging (MRI). Besides the retracted rotator cuff tear, MRI showed remnants of the deflated ISB, which had transformed into scar tissue in the subacromial space (. Fig. 5 ). The patient was treated conservatively.
Discussion
Toourknowledge, thisisthefirststudyfocusing on the clinical outcome of patients with MRCT who were treated arthroscopically with or without an additional ISB.
The use of an ISB provided improved shoulder function at follow-up. But conventional arthroscopic treatment options also lead to improved shoulder function. Patients treated with an ISB had a higher absolute improvement of clinical scores. This finding occurred because of a lower preoperative shoulder function. A presumable reasonforthe lowerpreoperative space, which reduces subacromial shear forces to keep the humeral head centered in the glenoid. The aim of this study is to investigate the clinical outcome of patients with MRCT who were treated arthroscopically with or without an additional ISB. 
Methods.
The clinical outcome of patients treated with conventional arthroscopic techniques (n = 11, group A, partial repair, biceps tenotomy, and debridement) and that of patients treated with a supplementary ISB (n = 12, group B) was retrospectively analyzed. Preoperatively and postoperatively, shoulder function was assessed with the Constant and American Shoulder and Elbow Surgeons (ASES) scores. At follow-up after a mean of 22 months, patients filled out a questionnaire about their subjective satisfaction. Results. Preoperative shoulder function was lower in patients treated with31.5-85.7; p < 0.001). Patients in both groups were subjectively satisfied with their outcome. Conclusion. The ISB is a feasible treatment option for MRCT, providing subjective pain relief and improved shoulder function. Further studies with larger patient collectives and longer follow-up are needed to confirm whether it is a safe and cost-effective treatment. Keywords Acromion · Shoulder · Cuff, rotator · Debridement ·
Schlüsselwörter
Akromion · Schulter · Rotatorenmanschette · Débridement · Arthroskopischer Eingriff function is that the ISB was implanted particularlyinpatientswhose majorcomplaint was heavy pain and a poor shoulder function. The indication for an arthroscopic treatment of MRCT was probably extended since the ISB was available. In two cases, the ISB was utilized in pseudoparalytic shoulders. The affected patients still had poor shoulder function at follow-up. This finding confirms that a pseudoparalytic shoulder is a contraindication for the implantation of an ISB.
To date, the largest patient collective (n = 20) treated with an ISB was presented by Senekovic et al. [13] . After a 3-year follow-up they reported an improvement in the Constant score from 33.4 to 65.4 points. Pain relief was sustained for the whole follow-up period. Our patients treated with an ISB showed a similar improvement in Constant score from 36.8 to 69.5 points after 22 months. These findings indicate that even a bad preoperative shoulder function can be improved by the implantation of an ISB.
Conventionally treated patients in our study experienced a significant improvement in their affected shoulder (Constant score from 60.7 to 77.6; p < 0.001). Unfortunately, we did not assess the conventionally treated group twice. It is possible that further improvements af- ter 11 month are a general finding for arthroscopic treatments of MRCT in the absence of pseudoparalysis. Because of the longer follow-up and the superior preoperative function of conventionally treated patients, the results cannot be compared adequately with those of patients treated with an ISB. Still, the results of both groups at final follow-up demonstrate that conventional arthroscopic techniques lead to an improved shoulder function, although the absolute improvement was higher if an additional ISB was implanted.
Porcellini et al. [10] described that partial repair of the infraspinatus tendon in combination with an intact subscapularis tendon and an irreparable supraspinatus tendon could improve the Constant score from 44 to 77 points after a minimum follow-up of 5 years. This result shows that partial repair should always be conducted, if possible. In these cases the additional implantation of an ISB may not only protect the partial repair but also improve shoulder function by supporting the force couple of the subscapularis and infraspinatus tendon. The significant improvement of clinical scores in both of our groups is probably related to the partial repairs conducted (eight in group A and four in group B). The lower number of partial repairs in group B underlines that the rotator cuff was of a poorer quality and less mobile in those patients. The ISB is probably a reason for the highly improved shoulder function although partial repair was conducted in only 33% of the patients.
The common sense that complete repairs are better than partial repairs, which are again better than a mere debridement, has been proved by Moser et al. [9] and Heuberer et al. [8] . The repair or partial repair of MRCT leads to pain reduction in over 80% of the patients [2, 5] . Even a high rate of reversion of pseudoparalysis for repairs of MRCT in the absence of osteoarthritis has been described [4] .
Since the ISB is supposed to reduce friction forces and to maintain the integrity of the repaired cuff [1] , it may support the healing of the tendon-bone interface. This hypothesis could not be proven by this study and should be investigated in further studies.
An arthroscopically assisted transfer of the latissimus dorsi showed an improvement from 35.5 to 69.5 points [3] . The improvement is similar to that of our patients treated with an ISB. But of course these results cannot be compared properly because these patients were fol- lowed up for a longer period and had a severe preoperative external rotation lag-sign. In these cases an ISB is not indicated. However, if contraindications exist for a latissimus transfer like in subscapularis tendon tears, an ISB may be an alternative treatment option.
Pain reduction has been reported [14] for the ISB, as was shown in our study with patients agreeing that their pain was reduced (Likert scale 3.3/4). Conventionally treated patients reported a similar pain relief (3.4/4); therefore we cannot state that pain reduction is a result of the ISB. It is likely that bursectomy, cuff debridement, and biceps tenodesis or tenotomy play a more important role in pain relief. One patient treated with an ISB complained of persistent pain. The symptoms could be eased with pain medication and physiotherapy. Although the MRI did not show a significant bursitis, a foreign body reaction might have played a role in these symptoms.
Although a fluoroscopy-guided implantation of the ISB under local anesthesia has been described [6] , we would recommend a combination with conventional arthroscopic techniques to treat side pathologies such as bursitis, biceps tendinitis, and debridement or cuff repair. Such a short arthroscopic intervention does not require a long duration of general anesthesia in contrast to reverse total shoulder arthroplasty or complex rotator cuff repair. Therefore, the ISB should be considered if patients suffer from severe general diseases that do not allow for a long duration of surgery.
This study showed a further improvement of shoulder function between 11 and 22 months. The ISB degrades after 15 months. There is no exact explanation for this finding. We assume that a formation of scar tissue, as is presented in . Fig. 4 , may play a role. Another theory why the outcome still improves after degradation of the implant is an improved muscle patterning of the force couple between the internal and external rotators, which is created by a recentering of the humeral had. Further studies need to assess the sustainability of this effect. Reduced friction forces may decrease the inflammatory component of an MRCT and consecutive bursitis and synovitis. Other arthroscopic treatment options for MRCT such as allografts, synthetic grafts, and xenografts have not yet proved to be a superior treatment option, but they should be considered as interposition scaffolds in cases of retracted tears [15] . Whether a combination with an ISB is feasible in those cases remains unclear.
Since the implantation of an ISB is not demanding compared with other arthroscopic techniques for MRCT, the surgical effort for an additional ISB is rather low, while the costs are clearly higher. This is why the implantation of an ISB should be reserved for special indications such as a very painful shoulder in absence of pseudoparalysis and fragile partial repairs, which need to be protected by a subacromial spacer that keeps the reconstructed rotator cuff attached to the bony insertion.
Because of the low number of followed-up patients, the authors cannot recommend an uncritical use of the ISB for MRCT. Further studies with larger patient collectives need to assess midterm results and potential complications such as foreign body reactions.
Limitations
Besides the low number of patients, this study is retrospective. The different preoperative findings and the different follow-up periods in the two groups do not allow a comparison to be made between the presented groups. The range of follow-up provides only short-term resultsofaheterogeneouspatientcollective. Furthermore, a selection bias between the two groups exists, because the ISB was implanted in patients with a significantly lower preoperative shoulder function.
Conclusion
The ISB is a feasible treatment option for MRCT, which is not difficult to perform for experienced shoulder surgeons. Beside subjective pain relief, it provides improved shoulder function, which further increases after 1 ear. While even a low preoperative shoulder function can be improved through the implantation of an ISB, a pseudoparalytic shoulder cannot be restored. Further studies with larger patient collectives and a longer followup are needed to assess whether the ISB is a safe and cost-effective minimally invasive treatment for MRCT.
